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Shunasaurus li
Spinophorossurnis nigerensis

= Cmeisaurus

— Mameanchisaurus
Jobaria figuidensis
Amphicoalias fatus AMNH 5765
Camarasaurus
Camarasaunis grandis YPM 1901
Tunasaurus rodevensis
LosiVasavrus giganteus type
Brachiosaurus sp. SMA 0003
I_E Giraffatifan brancei
Brachiosaures alfithorax
pr— S palasaurLs bonapartet
Catharlesaura anagrobica
Limaysaiunis tessonal
MNigersaurus tagueti
Demandasaurus danwvini
Haplocanthosaurus prscus

What exactly is
an apatosaurine?

Tschopp et al. (2015), Figure 115.
Reduced consensus tree obtained

by equal weighting. Fifteen OTUs
were deleted a posteriori. Numbers
at the nodes indicate the number of o
changes between the two branches Dcarama e
departing from the node (for the L

NEMT-PV 203875

apomaorp hy cou nt) . Flagellicaudata )

Diplodocoidea

L— Barmsaurus affinis YPM 419
[ Dyslocosaurus pelyonychivs AC 663
Su a emilieas ANS 21122

Apafosaunus aiax YPM 1860
Apatosawrus loulsae type
Apatosawrus faticolis YPM 1861
Brontosaurus excelzes YPM 1980
Bronfosavrys amplus YPWM 1981
Amphicoafias allus AMMNH 5764
Eocbrontosaurus yatinahpin Tate-001
Elozaurus paris CM 566
UW 15555
BYU 1252-18531
FIMMH P25112
— WDC-FS001A
R ShAA QDT
= Tomiena aficana holotype
e MB.R. skeleton k
Dinheirosaurys lounmhanensis ML 414
Supersalinis vivanae BYLU+
WDC DMJ-021
Leinkupal laticawda MMCH-Pv 63-1
USNM 2673
SMA 0011
Galeamopus hayl HMNS 175
ML 418

Diplodacos cameadgi T B4
21 _E Dipladocus camagii GM 94
AMMNH 223
Seismosaurus fall NMMMNH 3680
DMMS 1494
USHM 10865
CM 3452
Kagtedocus siberd ShA 0004
AMNH 7530
20 SMA D16-3
AMMNH 7535
Ch 11984
AMMNH B341
Barosaurus lentus YPM 428

=

Diplodocidae

21

= Cefinsaurizcus sfewarti NHMUK R3078
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Tschopp et al. (2015), Figure 115.
Reduced consensus, apatosaurine section.
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' AMNH 460 ... whatever it is
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- Why this big, heavy, weird neck?
ij expensive to build, maintain, and operate.
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Taylor and Wedel (2013a:26) just gave up

Apatosaurus presents a final riddle regarding cervical ribs.
Even among diplodocids, it had extraordinary cervical ribs:
very short, very robust, and positioned very low, far below
the centra on extremely long parapophyses (Figs. 7.1 and
7.2), so that the neck of Apatosaurus must have been
triangular in cross-section. What function can the ribs have
evolved to perform? They were much too short to have
functioned efficiently in horizontal or vertical stabilization, and
in any case seem over-engineered for these functions. It is
tempting to infer that the autapomorphies of the neck in
Apatosaurus are adaptations for some unique aspect of its
lifestyle, perhaps violent intraspecific combat similar to the
“necking” of giraffes. Even if this were so, however, it is
difficult to see the benefit in Apatosaurus excelsus Marsh,
1879a of cervical ribs held so far below the centrum — an
arrangement that seems to make little sense from any
mechanical perspective, and may have to be written off as an
inexplicable consequence of sexual selection or species
recognition.
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Factors Enabling Long Necks
Architecture of Sauropod Necks

Conclusions: Why Giraffes Have Such Short
Necks

Additional Information and Declarations
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No sex, please, we're sauropods
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Abstract

It has recently been argued that the elongate necks of sauropod dinosaurs evolved
primarily through selection for their use as sexual and dominance signals, and not
as an adaptation for accessing a large ‘feeding envelope’ as traditionally thought.
Here we explore this idea and show that all six arguments that have been advanced
in support of the sexual selection hypothesis are flawed: there is no evidence for
sexual dimorphism in the necks of sauropods; neither is there any evidence that
they were used in dominance displays; long necks provided significant survival
benefits in allowing high browsing and energetically efficient grazing; their fitness
cost was likely less than has been assumed; their positive allometry through
ontogeny is uninformative given that ontogenetic allometry is common in animals;
apparent lack of correlation between neck and leg length across phvlogenv is



But apatosaurs are different







Sexual combat like necking giraffes?




Giraffes have crass, uncharismatic,
Highly fused mammalian skulls ...




... Whereas apatosaurs have elegant, fragile skulls




ombat like necking giraffes?




So what were they doing?




1. Ventral displacement of cervical ribs

Improved mechanical advantage of hypaxial muscles.

methanical axis

lever arm of
hypaxial mm



Stronger ventral movements of the neck




2. Ventrolaterally directed parapophyseal rami

Oriented to resist ventral impacts




3. Ventral trough
between the
cervical ribs

Provided soft-tissue

protection for
the trachea,
oesophagus,
and major
blood vessels.

Mm. intercristales

M. longus colli dorsalis

M. cervicalis
ascendens

Vertebral
artery

M. flexor colli
lateralis

Mm. intertransversarii

M. flexor colli

M. longus
medialis colli ventralis

Mm. interspinales

Carotid artery

Neural spine cleft
(metapophyseal cleft)

Neural canal
(above spinal
cord)

Transverse
foramen
(cervical rib loop)

Ventral centrum
(between parapophyses)

™ Multiple segment muscles

@ Single segment muscles

B Pneumatic diverticula and trachea
B Blood vessels

(O Spinal cord

[0 Esophagus

B Intervertebral ligaments



4. Ventrolateral processes on the cervical ribs

Apatosaurus louisae holotype CM 3018 cervicals 10-12.
(Gilmore 1936:plate XXIV)




Ventral midline callosities
on ostrich torsos

Slack (2002: figure 4)

-
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(Note the hilarious three-toed ostrich feet) . Nature Reviews | Genetics



4. Ventrolateral processes on the cervical ribs

Maybe instead of this ...




4. Ventrolateral processes on the cervical ribs

... this?




1

Keratinous horn in rhinoceroses




4. Ventrolateral processes on the cervical ribs

Maybe instead of this ...




4. Ventrolateral processes on the cervical ribs

... this?




Summary

1. Ventral displacement of cervical ribs
 Improved mechanical advantage of hypaxial muscles.
* Stronger ventral movements of the neck

2. Ventrolaterally directed parapophyseal rami
* Oriented to resist ventral impacts

3. Ventral trough between the cervical ribs
* Provided soft-tissue protection for the trachea, blood vessels.

4. Ventrolateral processes on the cervical ribs
* Calloused lumps or spikes on ventral surface

= combat by crashing necks ventrally.
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Male southern elephant seals (Mirounga leonina)




Male northern elephant seals (Mirounga angustirostris)
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Male southern elephant seal (Mirounga leonina)
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Sea lion (Zalophus californianus)




Sea lion (Zalophus californianus)
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